The tendency for individuals to disperse into habitat similar to their natal habitat has been observed in a wide range of species, although its population genetic consequences have received little study. Such behavior could lead to discrete habitat-specific population subdivisions even in the absence of physical dispersal barriers or habitat gaps. Previous studies of coyotes have supported this hypothesis in a small region of California, but its evolutionary significance ultimately depends on the extent and magnitude of habitat-specific subdivision. Here, we investigated these questions using autosomal, Y chromosome, and mitochondrial markers and .2,000 coyotes from a broad region, including 2 adjacent ecoregions with contrasting levels of habitat heterogeneity-the California Floristic Province (CFP) (heterogeneous landscape) and the Desert-Prairie ecoregion (DPE) (homogeneous landscape). Consistent with predictions, we found a close correspondence between population genetic structure and habitat subdivisions throughout the CFP and virtual panmixia over the larger DPE. Conversely, although genetic diversity was similar in these 2 ecoregions overall, it was lower within sites of the CFP, as would be the expected consequence of greater genetic drift within subregions. The magnitude of habitat-specific genetic subdivisions (i.e., genetic distance) in the CFP varied considerably, indicating complexity (e.g., asymmetric gene flow or extinction/recolonization), but, in general, was higher than that due to geographic distance or recent human-related barriers. Because habitat-specific structure can enhance a species' adaptive potential and resilience to changing environments, these findings suggest the CFP may constitute an evolutionarily important portion of the range for coyotes and sympatric species exhibiting habitat-specific population structure.
Introduction
Recent evolutionary diversification within taxa characterized by long-range movements presents challenges to traditional evolutionary models. In the absence of vicariant events, gene flow is expected to homogenize populations, especially those with broad habitat affinities, countering local differences in drift or selection that might otherwise drive populations apart. In lower mobility animals, populations sometimes remain faithful to ancient geological formations separated by contemporary landscape features, such as small streams or mountain ranges, that would pose insignificant barriers to larger, more wide-ranging species (Calsbeek et al. 2003) . Geographic distance alone also can provide a sufficient barrier for divergence among low-mobility populations, for example, evidenced by ring species (e.g., Irwin et al. 2001) , but in the absence of discrete barriers is rarely sufficient to enable significant diversification in wide-ranging animals. Sympatric and parapatric modes of diversification therefore could be especially important in explaining Quaternary diversification of wide-ranging habitat-generalist species. In this study, we examine the role of a behavioral phenomenon as a diversifying agent in a wide-ranging carnivore.
It is well known that carnivores typically disperse long distances and often exhibit low levels of genetic divergence between distantly separated sampling sites (Lehman and Wayne 1991; Harrison 1992; Roy et al. 1994; Schwartz et al. 2002) . Although these observations, gleaned primarily from coarse grain studies, clearly indicate that gene flow can homogenize carnivore populations across large portions of their range, they do not necessarily imply that carnivores cannot also exhibit strong population structure within certain parts of their range. Such high-structure portions of ranges could be evolutionarily important, especially if subdivisions correspond to different habitat types with correspondingly different selective regimes. For example, effects of random genetic drift are expected to be greater in subdivided populations, which can increase a species' adaptive potential by enabling individual populations to ''explore the adaptive landscape'' thereby reaching novel and varied fitness peaks (Wright 1931 (Wright , 1932 Wade and Goodnight 1998) . Habitat-specific subdivision also may be expected to facilitate the maintenance of functional genetic variability through differential local selection (Maynard-Smith and Hoekstra 1980; Hedrick 1986; Spichtig and Kawecki 2004) . Such diversification among populations, whether due to drift or selection, might be expected, in turn, to lead species overall to be more resilient to environmental changes. But why expect highly mobile animals to exhibit population structure in certain parts of their range, and why expect this to correspond to habitat?
Recent evidence from behavioral studies indicates that many animals exhibit dispersal preferences toward habitat resembling their natal habitat (reviewed by Davis and Stamps 2004) , a tendency, which, if strong enough, can be expected to translate to discretely subdivided populations along physically unobstructed habitat boundaries. Regions of high habitat heterogeneity, in turn, would be expected to correspond to high-structure portions of animal ranges. Examples of such habitat-specific subdivisions are accumulating (Geffen et al. 2004; Sacks et al. 2004; Pilot et al. 2006) , as is evidence for conservative habitat selection behavior as a proximate cause (Sacks et al. 2005) . For example, on or near the boundary between mountain and valley habitats of radiocollared coyotes, no interpack (i.e., between territory) relationships (i.e., relatedness .0.25) were observed across the boundary although several interpack relationships occurred within habitats, indicating that dispersal across the habitat boundary was rare (Sacks et al. 2005) . The ecological and evolutionary significance of these small-scale studies, however, depends first on the spatial extent of such habitat-specific subdivisions and second on their strength relative to that of other diversifying factors, such as isolation-by-distance, which potentially swamp this locally important isolating mechanism over larger spatial extents. In this study, we investigated this question using genomic profiles of .2,000 coyotes from 2 broadly defined ecoregions of southwestern North America contrasting greatly in their levels of habitat heterogeneity: 1) the California Floristic Province (CFP) and 2) southwestern deserts and adjacent short grass prairie within the ''Dry domain'' (Bailey 1983), here referred to as the Desert-Prairie ecoregion (DPE).
The CFP is one of the most biologically diverse ecoregions in the world and, like other Mediterranean ecoregions (i.e., in Chile, South Africa, Australia, around the Mediterranean Sea), is known for its landscape heterogeneity and correspondingly high phylogeographic structure among low-mobility organisms (e.g., Calsbeek et al. 2003) . The DPE contrasts with the sharply dissected landscape of the CFP most importantly in that it is composed of continuous tracts of gradually intergrading flora and fauna. Thus, habitat in the DPE is relatively homogeneous (at the coyote-relevant grain) within the typical dispersal radius of a coyote and dispersal is therefore predicted to be relatively unconstrained by natal-habitat-biased dispersal. Coyotesas a species-are continuously distributed across both of these ecoregions in virtually every type of habitat (Young and Jackson 1951) .
Here, we investigate 3 predictions about the contemporary population structure of coyotes stemming from the natal-habitat-biased dispersal hypothesis: 1) coyotes sampled from the CFP exhibit population structure concordant with habitat subregions, 2) coyotes from widely dispersed sampling sites within the DPE exhibit little or no structure, and 3) genetic diversity within CFP subregions is lower than in DPE subregions due to higher rates of random genetic drift in the former. We used 14 autosomal, biparentally inherited microsatellite loci and paternally inherited Y chromosome haplotypes (composed of 5 nonrecombining microsatellite loci) to test these predictions. We also used mitochondrial DNA (mtDNA) data from different individuals previously published by Lehman and Wayne (1991) as an independent check with respect to a maternally inherited marker.
Materials and Methods Sampling
Coyote tissue samples, including muscle and dried blood of filter paper strips (Nobuto Blood Filter Strips, Advantec Manufacturing, Dublin, CA), were collected and mapped as described previously (Sacks et al. 2004 ) from throughout California. An additional 30 coyotes (20 males and 10 females) were sampled from blood clots donated by Eric Gese from southeastern Colorado. The CFP sampling was concentrated in 8 bioregions (hereafter, ''subregions''):
CFP-Northwestern, CFP-northern Great Valley, CFP-Sierra Nevada, CFP-Cascades, CFP-Central Western (i.e., central California Coast ranges), CFP-southern Great Valley, CFPSouthwestern, and CFP-Transverse Ranges (Hickman 1993) . The samples from the DPE spanned 5 subregions: DPE-Modoc Plateau, DPE-Eastern Sierra-Nevada, DPEMojave Desert, and DPE-Sonoran Desert of California, and DPE-short grass prairie of southeastern Colorado.
Microsatellite Genotyping
Procedures for DNA extraction were described previously (Sacks et al. 2004 ). Coyotes were genotyped at 14 autosomal microsatellite loci used in previous studies (Sacks et al. 2004 (Sacks et al. , 2005 and 5 Y chromosome loci (MS41A, MS41B, Sundqvist et al. 2001; 990-35, 650-79.2A, 650-79.2B, Bannasch et al. 2005) . Two Y chromosome loci (650-79.2A and 650-79.2B) were coamplified by the same pair of primers. As has been done previously for coamplified Y chromosome microsatellites (Malaspina et al. 1998) , we assumed that the smaller of the 2 coamplified alleles corresponded to the ''A'' locus, whereas the larger of the 2 alleles corresponded to the ''B'' locus; where a single peak was noted, each locus was assigned the same allele. In this case, the procedure was likely as accurate as if we had amplified the loci separately because the overlap in allele size between the A and B loci involved a single allele. That is, the occurrence of single peaks only occurred at this size and there were no instances of co-occurrence in the same genotype of peaks both higher or both lower than this size. Polymerase chain reaction (PCR) conditions were described for autosomal loci elsewhere (Sacks et al. 2004) as were those for Y chromosome loci (Sundqvist et al. 2001; Bannasch et al. 2005) . The PCR products were visualized and alleles scored using an ABI 3730 capillary DNA analyzer (Applied Biosystems, Foster City, CA) and STRand 2.2.30 software (Veterinary Genetics Laboratory, University of California, Davis, CA).
Autosomal Genotype-Based Analysis with Program Structure
The principle on which this method works is to cluster multilocus genotypes (i.e., representing individual coyotes) so as to minimize within-cluster deviations from HardyWeinberg and linkage equilibrium (Pritchard et al. 2000) . The number of clusters (K) was chosen after running the algorithm 10 times each at K 5 1-10 and plotting against K the average logarithm of the probability of the data given K [log Pr (X|K)], the geographic index (the average geographic distance between all pairs of coyotes within clusters divided by that between all coyotes in the entire sample; Sacks et al. 2004) , and the consistency across runs (the percent of coyotes assigned to the same cluster in the 2 runs with the highest log Pr (X|K)). These initial runs included 10,000 Markov Chain Monte Carlo (MCMC) runs for burn-in (i.e., transition from starting conditions to stationarity) and 10,000 additional postburn-in runs. A final run at the selected K value was conducted using 30,000-cycle burn-in and 1 million-cycle postburn-in and used for the analysis. The admixture model was specified, allele frequencies were assumed to be correlated among genetic groupings (Falush et al. 2003) , and default values were used for all other parameters. The analyses were performed in Structure (V 2.0; Pritchard et al. 2000) . Locations were displayed using ArcView GIS (v 3.2) software (ESRI, Redlands, CA) color coded with respect to their cluster assignment, defined as the cluster corresponding to the highest estimated proportion of ancestry.
Autosomal Genotype-Based Analysis with Program Geneland
This method is similar to that implemented in the program Structure except that spatial proximity is used to weight genetic cluster assignments . Also, program Geneland enables the number of clusters (K) to be treated as a variable or to be fixed and, when varied, enables determination of the modal (i.e., most likely) value. We performed a preliminary run where K was allowed to vary from 1 to 30 to determine the modal number of clusters, which was 26. We then ran the analysis 5 times with the number of clusters fixed to 26. The number of clusters with individuals assigned to them varied from 8 to 10, with the majority of clusters having no genotypes assigned to them (normal for this program; . All runs were conducted using the spatial D-model for the priors in allele frequency and 200,000 MCMC iterations, a maximum of 200 nuclei, and a 10,000-iteration postprocessing burn-in consistent with recommendations .
Allele Frequency-Based Analyses These analyses were conducted using autosomal microsatellites, Y chromosome haplotypes (composed of 5 haploid microsatellite alleles), and the mtDNA haplotypes of Lehman and Wayne (1991) . For autosomal and Y chromosome analyses, we grouped coyotes into 45 samples according to spatial proximity (i.e., sites), of which 39 were used for autosomal analyses (n . 14 coyotes each, average n 5 45) and 36 were used for Y chromosome analyses (.8 male coyotes, average n 5 24). Fifteen similarly located sites identified by Lehman and Wayne (1991;  (table 3) . Specifically, mtDNA data were grouped as follows: sampling sites d, o, q, s (DPE); e, j, l (CFP-southern Great Valley); h (CFP-northern Great Valley); i, k (CFP-Central Western); f, g (CFP-Northwestern); and m, n, p (CFP-Southwestern).
To assess the presence of genetic isolationby-distance, for each marker type, we tested for correlations between genetic distance and geographic distance using Mantel tests (Mantel 1967 ) performed in Arlequin (v2.000; Schneider et al. 2000) with significance based on 1,000 matrix permutations. The dependent variable matrix was of genetic distance (expressed asF ST =ð1 ÀF ST Þ; Slatkin 1995) calculated in Arlequin (v2.000). The independent variable matrix was of geographic distance (kilometer) between sample sites (i.e., centroids), calculated as the square root of the sum of squared differences in centroid X-coordinates and centroid Y-coordinates. The centroid was calculated as average coordinates among coyotes in each site; coordinates were projected in Teale Albers before calculating centroids and distances using ArcView GIS software (v 3.2; ESRI). Geographic distances associated with some pairs of sampling sites were calculated from the sum of 2 or 3 of these straight-line distances to avoid cutting across the San Francisco Bay Estuary (including San Pablo Bay and delta), which was assumed to completely obstruct dispersal (Sacks et al. 2004) .
Nested hierarchical analysis of molecular variance (AMOVA; Excoffier et al. 1992 ) was conducted for each marker type to assess the proportion of between-site genetic variance between subregions relative to that within subregions, using sampling sites as replicates. The AMOVA was performed in Arlequin (v2.000) using 1,000 permutations to test for significance. Because our prediction was that the DPE would not contain substructure and in this sense be analogous to a subregion of the CFP, we treated this ecoregion on the same hierarchical level as subregions for this analysis.
Within-Subregion Genetic Diversity
To compare genetic diversity between CFP and DPE subregions, we used the sampling sites as the sample units, thereby minimizing the potential for confounding effects of population substructure. Because the number of coyotes varied somewhat from site to site and could affect estimates of genetic diversity, we included sample size as a covariate in the analysis. To maximize statistical power, we performed a single analysis using all marker types and included an interaction term for marker type and ecoregion to test for the possibility that one or both of the uniparentally inherited markers showed a larger difference, as might be expected due to their smaller effective population sizes. We used as our measure of genetic diversity 1 À X X p 2 ; where p is allele frequency, the first summation is across loci (one in the case of mtDNA and Y chromosomes), and the second summation is across alleles within loci (Weir 1996) . For the autosomal microsatellite loci, this measure was equivalent to expected heterozygosity. We employed a general linear model in SYSTAT (v9.0; SPSS Incorporated, Chicago, IL) with the following variables: ecoregion (CFP, DPE), marker type (autosomal, mtDNA, and Y chromosome), ecoregion*marker type, and, as a covariate, sample size (number of coyotes in site).
Hardy-Weinberg and Linkage Equilibrium
For the autosomal markers, we tested Hardy-Weinberg equilibrium (Guo and Thompson 1992) in Arlequin (v2.000) and linkage disequilibrium in Genepop (v3.3; Raymond and Rousset 1995) within sampling sites. We used a sequential Bonferroni test to determine significance of deviations from Hardy-Weinberg and linkage equilibrium (Rice 1989) .
Results
A total of 301 alleles was identified among the 14 autosomal microsatellite loci, with the number of alleles ranging from 8 to 48 per locus. We identified a total of 73 Y chromosome haplotypes composed of the 5 microsatellite loci. These loci contained 34 alleles in total, with numbers ranging from 4 to 14 alleles per locus. A total of 32 mtDNA haplotypes from the Lehman and Wayne (1991) study was identified in the subset of data used in the present study.
Structure Analysis
Our first approach, assigning individuals to genetic clusters based on the autosomal microsatellite genotypes irrespective of geography, clearly supported predictions 1 (CFP population is structured according to habitat boundaries) and 2 (DPE population is relatively unstructured) ( fig. 1 ). We chose K 5 6 for the final run in this analysis because both the geographic index and log Pr(X|K) plateau here (as minimum and maximum, respectively) and higher values of K were unstable in terms of variance in log Pr(X|K) and/or consistency of assignments among runs ( fig. 2) . The analysis revealed substantial subregion-specific genetic structure within the CFP and none in the DPE despite the vastly greater spatial extent of the latter. These results were highly consistent across runs and robust to numbers of clusters assumed. For example, at K 5 8, DPE coyotes clustered together in a single cluster, similarly to K 5 6, but the Central Western and Southwestern subregions were each divided into 2 clusters. Genetic subdivisions clearly corresponded to subregion boundaries and could not be explained by physical barriers associated with recent anthropogenic habitat modifications. For example, the entire Southwestern subregion clustered together despite a tremendously fragmented landscape and numerous highways with high volume traffic that currently pose barriers to gene flow (Hunter et al. 2003; Riley et al. 2006 ).
Geneland Analysis
Similarly to the Structure analysis, several distinct clusters corresponding to subregions were identified within the CFP, whereas all coyotes from the DPE-Modoc Plateau and the DPE-Short Grass Prairie were clustered together despite up to 1,500 km separating them. However, DPEMojave Desert and DPE-Sonoran Desert coyotes were clustered with these other DPE coyotes in only 3 of the 5 runs, with the other 2 runs grouping most DPE-Mojave Desert and DPE-Sonoran Desert coyotes with the CFP-southern Great Valley cluster. Interestingly, the CFP-southern Great Valley subregion is the most similar of the CFP subregions to the DPE-Mojave Desert and DPE-Sonoran Desert subregions with respect to vegetation and climate (Hickman 1993) . Several clear boundaries also were identified between subregions within the CFP in each of the runs ( fig. 3) , although the particular boundaries corresponding to genetic clusters varied somewhat across runs; this instability likely was due to the nonrandom distribution of sampling locations . Nevertheless, the Geneland runs consistently lumped most DPE coyotes together and identified separate clusters corresponding to CFP subregions despite the method's predisposition to cluster spatially proximate samples together and spatially distant samples apart.
Allele Frequency-Based Analyses
Genetic diversity was similar for CFP ecoregion and DPE as wholes (i.e., data pooled across sites and subregions) for autosomal microsatellites (0.80, 0.79, respectively), Y chromosome microsatellites (0.94, 0.91), and mtDNA markers (0.88, 0.87). As with Structure and Geneland analyses, pairwise genetic distances based on allele frequencies likewise supported predictions 1 and 2. There was a weak relationship between genetic distance and geographic distance based on the autosomal (Mantel test r 2 5 0.08; P 5 0.008) and Y chromosome (r 2 5 0.04; P 5 0.047) markers and no significant relationship based on mtDNA markers (r 2 5 0.00; P 5 0.32). However, the AMOVA analysis indicated that any isolationby-distance relationship was dwarfed by the amount of variance explained by subregions; whereas geographic distance explained 0-8% (depending on marker type) of the between-site genetic variance (indicated by r 2 values above), subregions explained 44-70% of between-site genetic variance (table 1) . Genetic distances between sites in different subregions within the CFP were highly variable and higher on average than those in the DPE, which were uniformly low despite their greater (on average) separation distances ( fig. 4) . Within subregions of the CFP, genetic distances were low similarly to those over the entire DPE. While sampling and estimation error contribute to the observed variance, these sources of error cannot explain the difference in variance in between-versus withinsubregion (and the DPE) comparisons (fig. 4) . Thus, the high variance in genetic distances between different CFP subregions, even at short geographic distances, suggests that subregion boundaries varied considerably with respect to their permeability to gene flow.
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Within-Site Genetic Diversity Also as predicted (prediction 3)-and in contrast to ecoregion-wide genetic diversity-within-site genetic diversity was lower in the CFP than in the DPE (F 1,71 5 7.0, P 5 0.01; fig. 5 ). Although differences were somewhat greater in uniparentally inherited markers, consistent with their smaller effective population sizes, there was no significant interaction between marker type and ecoregion (F 2,71 5 0.87, P 5 0.42). Number of coyotes was not a significant covariate in the model (F 1,71 5 0.42, P 5 0.52).
Hardy-Weinberg and Linkage Equilibrium
Loci were significantly out of Hardy-Weinberg equilibrium in 66 instances (out of 616 population locus cases), but these were distributed widely among populations and FIG. 1.-Coyote sampling locations (n 5 2,045) color coded according to assignment (in Structure) in 1 of 6 distinct genetic groupings in relation to 13 subregions (bounded by thin lines) of the California Floristic Province (CFP; bounded by thick line, labeled in yellow boxes) and the DesertPrairie ecoregion (DPE, labeled in grey boxes) (upper left). Colored circles and asterisks indicate individuals with .80% and ,80%, respectively, of their ancestry estimated to be from a single genetic grouping. Blow ups illustrate sharp genetic divisions in coyote populations corresponding to dramatic changes in the landscape with no significant physical barriers: a finger of Great Basin Desert habitat, the Carson Valley, extends into the Sierra Nevada Mountains (top right); Los Angeles Basin meets the Transverse Ranges and the Transverse Ranges meet the Mojave Desert (bottom left). Lower right: southwestern United States, illustrating sampling site centroids (black circles) for geographic groupings used in allele frequency analyses in relation to the CFP (gray) and DPE (white), with the southern Rocky Mountains indicated for reference (black). The spatially nonrandom distribution of samples reflects sample availability rather than coyote distribution, which was continuous throughout the entire study area (i.e., of the CFP and DPE). Subregion abbreviations are as follows: CFP-Northwestern (NW), CFP-northern Great Valley (GVN), CFP-Sierra Nevada (SN), CFP-Cascades (Cas), CFP-Central Western (CW), CFP-southern Great Valley (GVS), CFP-Southwestern (SW), CFP-Transverse Ranges (TR), DPE-Modoc Plateau (Mod), DPE-Eastern Sierra Nevada (ESN), DPE-Mojave (Moj), DPE-Sonoran (Son) deserts of California, and DPE-short grass prairie of southeastern Colorado (SGP).
loci. There was, however, one systematic relationship, a positive correlation between proportion of loci significantly out of Hardy-Weinberg equilibrium and sample size (r 5 0.67), to be expected due to the greater sensitivity (higher statistical power) of the tests employed on larger samples. The average F IS (based on the heterozygote deficiency) was 0.09, which is similar to previous estimates for coyotes (Roy et al. 1994; Sacks et al. 2004 ). There were 198 instances of locus pairs in linkage disequilibrium out of a total 4,186 possible, but these were not clustered at any particular locus pair. However, there were 2 sampling sites that had much higher proportions of locus pairs in linkage disequilibrium (32%, 47%). Interestingly, these were both pairs that straddled the Sierra Nevada and southern Great Valley subregions. Thus, although Structure and Geneland analyses did not illuminate a genetic subdivision along this boundary, the high degree of linkage disequilibrium observed in these 2 sites nonetheless suggests the possible presence of substructure along this boundary. Excluding the 2 outlier populations, as with Hardy-Weinberg equilibrium, there was a positive correlation between proportion of locus pairs significantly out of linkage equilibrium and sample size (r 5 0.55).
Discussion
We investigated 3 predictions of the natal-habitatbiased dispersal hypothesis with respect to the contemporary population structure of coyotes in a Mediterranean ecoregion: 1) coyotes sampled from the CFP exhibit population structure concordant with habitat subregions, 2) coyotes from widely dispersed sampling sites within the neighboring DPE exhibit little or no structure, and 3) genetic diversity within CFP sites is lower than in DPE sites due to higher rates of random genetic drift in the former. Our findings clearly supported each of these predictions based on autosomal, Y chromosome, and mtDNA markers. Although we had previously observed, based on microsatellites, that coyote population subdivisions were concordant with habitats in central California (Sacks et al. 2004 (Sacks et al. , 2005 , the present study, based on a 4-fold increase in the number of coyotes and a much larger study area, demonstrated that the phenomenon was present throughout the CFP and, importantly, absent from the DPE. The occurrence of a few habitat-specific subdivisions also had been reported for gray wolves (Canis lupus) across North America (Carmichael et al. 2001; Geffen et al. 2004 ) and eastern Europe (Pilot et al. 2006) . However, the present study is the first of which we are aware to show extensive habitat-specific substructuring in a continuously distributed species throughout a heterogeneous ecoregion and in direct contrast to low genetic divergence between distantly sampled sites in an adjacent, relatively homogeneous ecoregion.
Several aspects of this study serve to strengthen the inference that natal-habitat-biased dispersal was the primary cause of the population structure observed in the CFP. First, the hypothesis and predictions were formulated a priori based on individual-level criteria and preliminarily tested on smaller scales (Sacks et al. 2004 (Sacks et al. , 2005 . The expansion to the entirety of the CFP, in particular the additional habitat subdivisions, in the current study constituted replication. Finally, the DPE essentially served as a negative control, providing a reference in the case where no sharply differentiated habitat types occurred. The high FIG. 2.-Three criteria used to select the K to display graphically: average (±standard deviation) log Pr(X|K) across 10 runs with 10,000 iteration burn-in and 10,000 postburn-in iterations, geographic index (calculated for each K from the run with the highest associated log Pr(X|K)), and individual assignment consistency from one run to the next (using the 2 runs with the highest associated log Pr(X|K)). Log Pr(X|K) also shown for the final run at K 5 6, with a 30,000 iteration burn-in and 10 6 postburn-in iterations. genetic diversity within sites of this ecoregion indicated that the genetic homogeneity among sites of the DPE was due to high contemporary rates of gene flow rather than a recent population expansion. Thus, the genetic homogeneity associated with this vast ecoregion served to emphasize the genetic discontinuities within the heterogeneous CFP. In fact, the magnitude of genetic divergence at habitat boundaries in the latter ecoregion was, on average, considerably greater than that due to geographic distance over a substantial portion of the species range, suggesting that habitat-specific population subdivisions could be of fundamental significance.
Although it is difficult to explain the observed population genetic structure without invoking natal-habitatbiased dispersal as the primary cause within the CFP, a brief consideration of additional factors is warranted. Other processes undoubtedly contributed to various extents on different spatiotemporal scales to the observed population structure, including historical patterns associated with Pleistocene/Holocene climatic change (Hewitt 1996) as well as contemporary processes such as habitat-specific demography, habitat selection asymmetries, and metapopulation dynamics. For example, despite the high within-site genetic diversity observed in the DPE, which indicates high levels of contemporary gene flow, it remains possible that the population stems from a post-Pleistocene range expansion (but sufficiently in the past for gene flow and drift to have equilibrated). Further, the subdivision between the CFP and DPE could reflect secondary contact between previously isolated populations associated with inhospitable habitat during much of the Pleistocene along the crest of the Sierra Nevada Mountains, as appears to be the case for many other taxa (Remington 1968; Swenson and Howard 2004) . Although coyotes currently occur throughout the Sierra Nevada range, this subregion may contain a zone of post-Pleistocene admixture. Extensions of Great   FIG. 4. -Genetic distance plotted against geographic distance, illustrating uniformly low genetic distance between even widely spaced sampling sites of the DPE and contrastingly more variable, and generally higher, genetic distances between sampling sites in CFP regardless of separation distance. Graphs are shown for autosomal microsatellites (top row), mtDNA haplotypes based on data from Lehman and Wayne (1991) (middle row), and Y chromosome haplotypes (bottom row). The higher genetic distances associated with the mtDNA and Y chromosome markers than the autosomal markers are consistent with the lower effective population sizes associated with the uniparentally inherited markers. Average genetic distances (pooled across geographic distances) are shown and indicate greater subdivision between CFP subregions than within CFP subregions or within the DPE for all 3 marker types. Basin Desert habitat along the eastern Sierra Nevada corresponded to the Desert-Prairie genetic cluster, whereas coyotes along the western Sierra Nevada clustered separately (with the Great Valley subregions), consistent with a subdivision along the crest (e.g., fig. 1 ). On the other hand, in South Lake Tahoe, our only eastern Sierra Nevada sampling site with typical high Sierra Nevada habitat (e.g., coniferous forest and alpine meadow), coyotes clustered with their western Sierra Nevada counterparts, supporting a sharp subdivision approximately on the eastern edge of this subregion (e.g., corresponding to the meeting of Great Basin and Subalpine vegetation types), as opposed to the crest of the Sierra Nevada per se. Phylogenetic analyses of Y chromosome and rapidly mutating regions of the mtDNA genome are needed to investigate and compare the historical demography of coyote populations in both ecoregions to assess these phylogeographic scenarios.
Regardless of the possible role of a Pleistocene barrier in the Sierra Nevada, a similar explanation seems unlikely to account for the other habitat-specific population subdivisions. No such barriers are known to have occurred along borders of most subregions in the CFP, nor are they suggested by the presence of multispecies hybrid zones between populations of late Pleistocene age (Remington 1968; Swenson and Howard 2004) . Genetic subdivisions corresponded to nearly all subregional boundaries within the CFP, although the magnitude varied, apparently strongest between coastal and interior subregions and weakest between the Sierra Nevada and Great Valley subregions. Although we did not detect a clear subdivision separating the Sierra Nevada from the Great Valley in the present study, previous analyses conducted on smaller spatial scales indicated clear subdivisions separating the western Sierra Nevada from the northern Great Valley (Sacks et al. 2004 (Sacks et al. , 2005 ). Further, the high level of linkage disequilibrium observed within sampling sites near the Sierra Nevada boundary with the south Great Valley in this study suggests the possibility of genetic subdivision in the southern portion of these subregions as well.
Our primary focus in this study was on identification of boundaries between coyote subpopulations. However, a full understanding of the role of habitat boundaries in determining population dynamics will require an understanding of fine-scale social processes, which can reinforce subdivisions, as well as asymmetries in demographic processes and habitat selection proclivities (apart from natal habitat), which can be expected to affect the evolutionary trajectory of the metapopulation. As might be expected, fine-grained studies indicate that relatedness among packs (i.e., family groups) in neighboring territories tends to be considerably greater on the same side than on opposite sides of a habitat or physical subdivision (Sacks et al. 2005; Riley et al. 2006) . To the extent that dispersal is facilitated by settlement adjacent to relatives (Temeles 1994) , social fabric could further deter dispersal across genetic subdivisions (Sacks et al. 2005) . Where boundaries are hard, an increase in density due to territory packing may have a similar effect irrespective of familial relationships among neighboring packs (Riley et al. 2006) . In addition to social factors, differential demography and asymmetric dispersal between habitats could influence the particular patterns of subdivision (Stenseth et al. 2004) . Habitats associated with subregions also may vary in quality with some serving as source populations and others as sinks (Pulliam 1988) . Previously, Sacks et al. (2005) found gene flow to be considerably higher from the Cascade Mountains to the northern Great Valley than in the opposite direction in one local study site, consistent with differential habitat quality, although it was unknown to what extent the asymmetry in gene flow was driven by demographic versus behavioral factors. In the present study, the high variability in genetic divergence between nearby subregions of the CFP indicated that patterns of gene flow may be more complex than is indicated by the simple pattern of subdivision apparent in from the Structure and Geneland analyses. These details, which could include extinction/recolonization, source/sink, and other metapopulation dynamics, should be investigated in future studies.
Regardless of the mix of factors that ultimately determine and refine patterns of population genetic structure, the predominance of enduring habitat-specific population subdivisions, likely due to natal-habitat-biased dispersal, could have important evolutionary implications on both microand macroevolutionary timescales. For example, one of the fundamental problems of microevolution pertains to the maintenance of genetic diversity in natural populations. Drift-based hypotheses emphasize the role of population genetic subdivisions enabling small, partly isolated subpopulations to ''explore'' and find alternative fitness peaks on the adaptive landscape by freeing the genomes from strong selection for universally adaptive phenotypes (e.g., Wright 1931 Wright , 1932 , whereas selection-based theories emphasize the role of habitat heterogeneity in causing differential selection in different localities (Levene 1953; Gillespe 1978; Gillespe and Turelli 1989; Spichtig and Kawecki 2004) . Despite their disparate roots in the literature, drift-based and selection-based frameworks are not mutually exclusive. Indeed, population structure corresponding to habitat subdivisions can be expected to increase the occurrence of balanced polymorphism because a tendency to mate within the habitat in which an individual is born results in a correlation between the habitat individuals select and that in which they are most fit, which should increase the influence of local selection relative to between-habitat selection (Taylor 1976; Jones 1980; Jones and Probert 1980; Garcia-Dorado 1986; Hedrick 1986 ). The level of subdivision observed in the present study is in the range Wright (1931 Wright ( , 1932 reasoned, and Wade and Goodnight (1991) showed experimentally, would facilitate drift-based evolution. The observation that genetic diversity within sites of the CFP was less than in the DPE is also consistent with higher effects of genetic drift within the more subdivided portion of the range. Moreover, although we did not investigate selection in this study, habitat-specific differences in selective pressures seem likely and would be expected to further promote divergence. For example, a recent empirical study indicated that local habitat-specific adaptation was sustained in the presence of as much as 13% immigration (Postma and van Noordwijk 2005) .
On the macroevolutionary end, natal-habitat-biased dispersal conceivably provides a powerful reinforcing mechanism for reproductive isolation and parapatric speciation. The ability of populations to diverge evolutionarily in the presence of incomplete reproductive isolation is an exciting area of research that has received renewed interest in recent years (Bolnick et al. 2003) . The conditions typically listed for sympatric or parapatric divergence include niche diversification, involving some form of disruptive selection and assortative mating. Species with broad niches (i.e., generalists) may be ideal candidates for the study of sympatric/ parapatric niche diversification, especially, when they are composed by individuals with narrow niches (i.e., specialists), but which vary widely among individuals (Roughgarden 1972; Bolnick et al. 2003) . Potential for reproductive isolation would seem to be greatest where niche diversification is concordant with spatial segregation, as is the case with natal-habitat-biased dispersal.
Although we do not suggest that contemporary coyote subpopulations in the CFP are incipient species, the phenomenon observed in this study could have contributed to speciation at other times or in other taxa in this and other Mediterranean ecoregions. The CFP, and Mediterranean ecoregions generally, are hotbeds of endemism and biodiversity, characterized by high beta diversity. Although this pattern is thought to stem partly from rapid phylogenetic diversification associated with past geologic and hydrologic isolating events (Myers et al. 2000; Latimer et al. 2005 )-supported within the CFP by a high correspondence in the phylogeography and temporal distribution of low-mobility species (e.g., Maldonado et al. 2001; Calsbeek et al. 2003; Spinks and Shaffer 2005) -the role of natal-habitat-biased dispersal and, consequently, parapatric speciation also could have played a role in generating contemporary patterns of biodiversity. This seems especially likely given the relatively stable climate associated with the CFP throughout the Pleistocene glacial cycles, providing not only an ice-free refugium for western fauna and flora but also long-term habitat heterogeneity. Thus, it is intriguing to ponder the extent to which natal-habitat-biased dispersal might have affected the evolution of vertebrates in this and similar regions globally. Given the high degree of population structuring observed in the wide-ranging coyote, it seems likely that natal-habitat-biased dispersal could be even more influential for less wide-ranging generalist species in the ecoregion. Indeed, behavioral studies indicate the presence of natalhabitat-biased dispersal in a large number of small vertebrate taxa (Davis and Stamps 2004) . At present, investigations of the population genetic consequences of this phenomenon in smaller vertebrates are lacking, providing an exciting and wide-open area in need of future research.
Conclusions
Our results, based on biparentally, paternally, and maternally inherited markers, clearly demonstrate substantial population genetic structure in coyotes of the CFP in contrast to low genetic divergence among sampling sites spanning a large area of the desert and prairie. Moreover, the associated reduction in genetic diversity observed within sites of the CFP indicates that structuring in that region was sufficient for genetic drift to leave a visible mark on allele frequencies. Although historical contingency and metapopulation dynamics could contribute to the observed patterns to some extent, these factors alone seem insufficient to explain them without also invoking natalhabitat-biased dispersal as a fundamental cause. Thus, although coyotes commonly disperse distances of 100 km or more (Harrison 1992; Sacks et al. 2005 ) and, as a species, occupy virtually every habitat type (Young and Jackson 1951) , their propensity, as individuals, to disperse into habitat similar to their natal habitats was apparently of sufficient strength to structure their populations. Given the highly vagile nature and catholic habitat preferences of our study species, these findings also are likely applicable to a broad spectrum of terrestrial vertebrates most of which are less mobile and less continuously distributed to begin with. If so, heterogeneous landscapes such as that of the CFP, which have also acted as refuges during glacial maxima, could play an important evolutionary role by providing high-structure portions of animal ranges, accelerating evolutionary divergence, for example, during glacial cycles. Because habitat-specific structure can enhance a species' adaptive potential and resilience to changing environments, these findings further suggest the CFP may constitute an evolutionarily important portion of the range for coyotes and sympatric species exhibiting habitatspecific population structure.
